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RWKHUZLVH LQ WKH OHYHO VHYHUH HDUWKTXDNH WKDW OHVV SUREDEOH WR RFFXU GXULQJ VHUYLFH SHULRG LW ZDV DOORZHG KDYH
LQHODVWLFEHKDYLRUEXWOLPLWGDPDJHG









2.1. Friction device characteristic 
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2.2. The column accompanied with friction damping mechanism specimen properties 
7KHVWUXFWXUHV\VWHPFRQWDLQVWKUHHSDUWVRIFRQFUHWHFROXPQZLWKIL[VXSSRUWDW WKHEDVHDQGIUHHFRQVWUDLQWDW
WRS ORFDWLRQ 7KH WKUHH SDUWV RI FROXPQ FRQILJXUDWLRQ WR EH FRQQHFWHGZLWK IULFWLRQ GHYLFH DQG 3& EROWV WR JLYH







2.3. The structure accompanied with FDM behavior 
7KHSULQFLSOHRI WKHFROXPQDFFRPSDQLHGZLWK IULFWLRQGDPSLQJPHFKDQLVP LV WRDFKLHYH ODUJHHQRXJKHODVWLF
GHIRUPDWLRQE\GLYLGLQJ WKHUHFWDQJXODUFROXPQVHFWLRQ LQ WKHVHYHUDO UHFWDQJXODUFROXPQVZKLOHIULFWLRQGHYLFHV
FRQQHFWWKHFROXPQFRPSRQHQWVZLWKKRUL]RQWDOFRQILQLQJIRUFHVRI3&EROWVSURYLGHHQHUJ\GLVVLSDWLRQZKHQVOLS





LV WKH VPDOOHVW VWLIIQHVV 7KLV PHFKDQLVP SURGXFHV HQHUJ\ GLVVLSDWLRQ LQ WKH HODVWLF XS WR SODVWLF EHKDYLRU WKH
LOOXVWUDWLRQFDQEHVHHQLQWKH)LJ
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4.2. Fiber section 
)LEHU VHFWLRQ LVFRPSRVHGRI ILEHUVZKLFKFRQWDLQLQJDXQLD[LDOPDWHULDO DQDUHDDQG ORFDOFRRUGLQDWH ,WKDV
VHYHUDOFRPPDQGVWREXLOWILEHUVHFWLRQWKH\DUHILEHUWREXLOGVLQJOHILEHUSDWFKWREXLOGDQXPEHURIILEHUVRYHUD
826   Angga Fajar Setiawan et al. /  Procedia Engineering  171 ( 2017 )  821 – 835 
JHRPHWULFFURVVVHFWLRQDQGOD\HUWREXLOGDURZRIILEHUVDORQJDUFKJHRPHWULF7KHFRQYHUJHQFHVWUHVVDQGVWUDLQ
GLVWULEXWLRQRIXQLD[LDOPDWHULDOGHSHQGVRQWKHGHJUHHRIUHILQLQJPHVKDORQJWKLVVHFWLRQ
4.3. P-Delta transformation 
'XULQJGHILQLQJWKHHOHPHQWJHRPHWULFWUDQVIRUPDWLRQQHHGWREHGHWHUPLQHGLQFDVHPDNLQJWUDQVIRUPDWLRQEHDP
HOHPHQWVWLIIQHVVDQGUHVLVWLQJIRUFHIURPWKHEDVLFV\VWHPWRWKHJOREDOFRRUGLQDWHV\VWHP7KHUHDUHWKUHHW\SHVRI








5.1. Structure idealization 















5.3. Steel material parameter 
7KHUHLQIRUFLQJVWHHOPDWHULDOXWLOL]HVWRWKH6WHHO0DWHULDOEDVHGRQWKH*LXIUH0HQHJRWWR3LQWRWKHRU\7KH
LQSXWSDUDPHWHUFRQWDLQVfyLV\LHOGVWUHQJWKELVHODVWLFPRGXOXVELVKDUGHQLQJUDWLRDQGWKHSDUDPHWHUWRFRQWURO
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WKHWUDQVLWLRQEHWZHHQHODVWLFWRSODVWLFEUDQFKHVWKDWDUHR0cR1DQGcR27KHVWHHOPDWHULDOLQSXWSDUDPHWHUFDQEH
VHHQDW7DEOH
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5HVXOW
7KHQXPHULFDODQDO\VLVUHVXOWGLVFXVVHVDERXWK\VWHUHVLVFXUYHVRIWKHVWUXFWXUHVXQGHUF\FOLFORDGLQJFXUYDWXUH




6.1. The Hysteresis curve of the structure 
%DVHG RQ WKH K\VWHUHVLV FXUYHV XQGHU DOO HODVWLF EHKDYLRUV WKH QXPHULFDO DQDO\VLV UHVXOW KDV VLPLODULWLHV LQ WKH
WHUPVRIVHSDUDWHGVWLIIQHVVKsXQORDGLQJVWLIIQHVVDQGSHDNIRUFHYDOXHDWHDFKORDGLQJF\FOH7KHRWKHUKDQGWKH
QXPHULFDODQDO\VLV UHVXOWKDVJUHDWHUYDOXH WKDQH[SHULPHQW UHVXOW LQ WKH WHUPPRQROLWK VWLIIQHVV KmDW WKHHDUO\
ORDGLQJ DQG UHORDGLQJ 7KRVH GLIIHUHQFHV RIPRQROLWK VWLIIQHVV SUREDEO\ RFFXU EHFDXVH WKH VSHFLPHQV KDYH EHHQ
DSSOLHGSUHYLRXVF\FOLFORDGLQJKLVWRU\
5HIHUULQJWRWKHREVHUYDWLRQUHDFKHGSODVWLFEHKDYLRULQERWKFDVH7DQG7WKHQXPHULFDODQDO\VLVUHVXOWV
KDYH VLPLODULWLHV LQ WKH WHUPV RI VHSDUDWHG VWLIIQHVV Ks DQG XQORDGLQJ VWLIIQHVV +RZHYHU LQ 7 FDVH WKH




WKHFRQWDFWDFWLRQEHWZHHQ WKH IULFWLRQPDWHULDOV VXUIDFHVGLGQRWZRUNSURSHUO\ ,Q WKH7FDVH WKHQXPHULFDO
DQDO\VLVUHVXOWKDVOHVVSHDNIRUFHYDOXHWKHQWKHH[SHULPHQWUHVXOWLQVWHDGLQWKH7FDVHWKHQXPHULFDODQDO\VLV
UHVXOWKDVODUJHUSHDNIRUFHYDOXHWKHQWKHH[SHULPHQWUHVXOW7KLVDQRPDO\RFFXUVSUREDEO\GXHWRWKHGLIIHUHQFHWKH
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D E 
)LJD1XPHULFDOUHVXOWRI7K\VWHUHVLVORRSEH[SHULPHQWUHVXOWRI7K\VWHUHVLV
6.2. Curvature distribution 
7KHFXUYDWXUHRIFROXPQVWKDWWREHPRQLWRUHGLQWKHPD[LPXPGLVSODFHPHQWRI8DQG7VFHQDULRVVKRZ
WKDW WKH QXPHULFDO UHVXOWV KDYH VDPH FXUYDWXUH GLVWULEXWLRQ SDWWHUQ KRZHYHU WKH QXPHULFDO DQDO\VLV UHVXOWV KDYH
DGMDFHQWFXUYDWXUHYDOXH LQHDFKRWKHURIFROXPQV LQVWHDG WKHH[SHULPHQW UHVXOW WKHJUDSKFDQEHVHHQDW)LJ
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D E 
)LJD1XPHULFDOUHVXOWRI7FXUYDWXUHGLVWULEXWLRQEH[SHULPHQWUHVXOWRI7FXUYDWXUHGLVWULEXWLRQ
6.3. Friction devices force and displacement characteristic 
7KHIRUFHDQGGLVSODFHPHQWPRQLWRULQJRIIULFWLRQGHYLFHVEHGRQHLQWKLVQXPHULFDOVWXG\WRUHFRUGWKHIULFWLRQ





DYHUDJHO\ WKH FROXPQ ZLWK WULDQJOH FRQILQHPHQW GLVWULEXWLRQ KDV ODUJHU VOLGLQJ UDWH WKDQ FROXPQ ZLWK XQLIRUP
FRQILQHPHQWGLVWULEXWLRQ
%DVHGRQWKH)LJWKHERWWRPXQWLOVHFRQGERWWRPQXPEHURIIULFWLRQGHYLFHRI8FDVHKDVODUJHUVOLGLQJ
GLVSODFHPHQW WKHQ7 FDVH LQVWHDG WKH IRUWKERWWRPXS WR WKH WRSRI IULFWLRQGHYLFHVRI8 FDVHKDYH OHVV
VOLGLQJ GLVSODFHPHQW WKHQ 7 FDVH 6KRZ WKDW WKH FROXPQ ZLWK XQLIRUP FRQILQHPHQW GLVWULEXWLRQ KDV VPDOO
GLVSODFHPHQWYDULDWLRQIURPERWWRPWRWRSORFDWLRQWKDQFROXPQZLWKWULDQJOHFRQILQHPHQWGLVWULEXWLRQ
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D E 
)LJ7KHIRUFHDQGGLVSODFHPHQWUHODWLRQRIWKHIULFWLRQGHYLFHVZLWKFRQILJXUDWLRQDWPPGULIWD8E7














WR HDFK IULFWLRQ GHYLFHV ,Q WKH VPDOO GHIRUPDWLRQ RI WKLV VWUXFWXUH WKH XQLIRUP GLVWULEXWLRQ RI FRQILQHPHQW KDV
VORZHU VOLGLQJ UDWH WKDQ WULDQJOH GLVWULEXWLRQ KRZHYHU LQ WKH VHUYLFH GHIRUPDWLRQ RI WKLV VWUXFWXUH WKH XQLIRUP
GLVWULEXWLRQKDVVPDOOGLVSODFHPHQWYDULDWLRQIURPERWWRPWRWRSORFDWLRQWKDQWULDQJOHFRQILQHPHQWGLVWULEXWLRQ
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